Context: The Tehran Lipid and Glucose Study (TLGS) is a community-based study to reveal the frequency of non-communicable diseases (NCDs) in Tehran's population. This research consists of two main parts, a cross-sectional study on the prevalence of cardiovascular risk factors and a 20-year-ongoing prospective cohort study, which was initiated in 1999 in several phases with an approximate duration of 3.6 years, and is still ongoing. The aim of the present study is review the 20 year biochemical findings of the TLGS related to the NCDs in a large sample. Methods: All articles on biochemical assessments derived from the TLGS from the earliest publications (2002) until 30 January 2018 were reviewed for their findings on different risk factors of NCDs. Results: According to the TLGS findings high sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), homocysteine (Hcy), age, smoking, hypertension, and obesity were the most important risk factors of cardiovascular diseases (CVD). It was illustrated that in subjects with abdominal obesity, the hs-CRP and IL-6 serum levels were higher than in normal subjects. The most appropriate prognostic indexes and associations were for hs-CRP, IL-6, and Hcy with abdominal obesity, waist circumference, WHtR, and wrist circumference, respectively. Previous studies have demonstrated a direct relationship between obesity and serum levels of inflammatory factors. Conclusions: According to the results of TLGS, serum levels of biochemical risk factors such as hs-CRP, IL-6, and Hcy could be beneficial in early diagnosis and effective treatment of cardiovascular, obesity and other metabolic diseases.
Context
The highest prevalence and incidence of noncommunicable disease (NCD) is related to cardiovascular, diabetes, obesity, and metabolic syndrome (MetS). MetS is a common clinical disorder characterized by the presence of three or more of five feature i.e. obesity, hyperglycemia, hypertension, low high density lipoprotein-cholesterol (HDL-C), and hypertriglyceridemia (1) . MetS is a risk factor for cardiovascular disease (CVD), type 2 diabetes (T2D), and cancer. The main role of inflammation in the growth and progression of atherosclerosis has been documented, important roles are attributed to inflammatory cytokines such as interleukin-6 (IL-6) and high sensitivity C-reactive protein (hs-CRP) (2) . Recently, in addition to a prognostic factor for the development and progression of CVD, homocysteine (Hcy) has been proposed as a risk factor. Hcy levels increase to 30% in patients with atherosclerosis and only 12% elevation than normal is related with a 3-fold rise in the risk of myocardial infarction (3, 4) . Obesity is a public health problem worldwide in both poor and rich communities, and is associated with NCDs. Adipose tissue stores surplus triglycerols and acts as an endocrine organ by releasing adipokines that play roles in regulating appetite, insulin resistance, glucose and lipid metabolism, and inflammation; chronic inflammation or excessive response can lead to harmful effects (5) .
TLGS is based on community being conducted to investigate the prevalence of NCDs and to provide populationbased criteria aimed at reducing the prevalence or prevention of a growing risk factors for NCD. This research consists of two main parts, a cross-sectional study on the prevalence of cardiovascular risk factors and a 20-year-old prospective cohort study, conducted in several phases at intervals of duration of 3.6 years from 1999, and is still ongoing. Participants included 15005 citizens, > 3 years, from district 13 of Tehran classified by cluster sampling. This area based on population distribution it represents the general population of Tehran (6) .
Among various related risk factors assessed this study only reviewed data on the biochemical risk factors of NCD. Although risk factors such as lipid components (triglycerides, HDL-C, LDL-C, total cholesterol), glucose, insulin, thyroid stimulating hormone, and thyroxine can be considered as biochemical or molecular risk factors, but focus of this article is on CRP, IL-6 and Hcy and their associations with anthropometric parameters. Visfatin as a product of visceral adipose tissue, considered as a helpful Insulin mimic hormone, and its associations with the mentioned risk factors has also been reported.
Methods
All articles contain biochemical, or IL-6 or Hcy or CRP and TLGS in their title in PubMed, SID, ScienceDirect, and Medline from the earliest publications (2002) until 30 January 2018 were reviewed for their findings on different risk factors of NCDs.
Results

Biochemical Risk Factors
C-Reactive Protein (CRP)
CRP is an acute phase reactant and an inflammatory marker (7) . Acute phase reactants are created in hepatocytes and their production is regulated by cytokines such as TNF-α and IL-6; CRP, which is known as a sensitive and classical acute phase reactant, is a highly susceptible inflammatory systemic marker, and its serum levels rapidly rises in response to various motivations (8) . CRP increase is associated with cardiovascular risk. Vessel inflammation or maybe the renin-angiotensin system plays an important role in hypertension, and CRP concentrations are significantly higher in subjects with hypertension (9) . It has been shown that CRP levels increase in patients with high body mass index (BMI). The largest data set available on obesity related to CRP is the Third National Health and Nutrition Examination Survey of the US population conducted between 1988 and 1994. Obesity increased an odds ratio (OR) for having greater CRP (2.13 for men and 6.21 for women) after adjusting for other variables (10) . Anthropometric measurements including height, weight, hip circumference, waist circumference (WC), wrist circumference, waist to hip ratio (WHR), and waist to height ratio (WHtR) were recorded in each phase of the study. Abdominal obesity was defined by cutoff WC ≥ 91 cm for women and ≥ 89 cm for men.
Hosseinzadeh-Attar et al. on a subsample of TLGS project in a well matched case control study (37 MetS and 37 matched controls, 46.35 ± 1.6 years), determined associations of anthropometric, biochemical profiles, and CRP with Visfatin. No significant association between CRP and Visfatin serum level found, but a significant correlation between CRP with BMI, WC and WHR was found. Visfatin level was significantly lower in patients with MetS (11). Zarkesh et al. on 365 individuals (160 MetS and 205 matched controls) revealed that the levels of hs-CRP were higher in MetS subjects; an interesting finding was a slow and significant rise in the hs-CRP levels in association with increasing numbers of MetS components. The best predictors for the level of hs-CRP in the MetS subjects were hip, WHtR, and height (12, 13) . Associations between inflammatory factors and obesity in TLGS, in a cross sectional study (132 Men and 222 women, 46.1 ± 16.1 years) were assessed by Faam et al, and obtained data showed a higher level of hs-CRP in the abdominally obese group (14, 15) .
In TLGS, 80 diabetic individuals were selected randomly, and compared with 73 participants who did not have diabetes in two phases as controls. Who had diabetes during the study were more obese (central and general) and had higher fasting and two hours' glucose and insulin resistance, compared to the control group, their serum levels of fasting insulin, CRP, triglycerides, systolic and diastolic blood pressure (SBP and DBP), total cholesterol (TC) ratio to HDL-C was higher and HDL-C levels were lower. In addition, family history of diabetes was more common in them. The highest correlation was found between CRP and BMI (r = 0.51, P < 0.01) and WC (r = 0.45, P < 0.01). CRP was also associated with systolic and diastolic blood pressure, fasting blood sugar (FBS), HOMA-IR, fasting insulin, total cholesterol and triglycerides, but had no significant correlation with HDL-C and 2-hours blood glucose levels. CRP values were equally divided into three parts of the total population. Conditional logistic regression analysis showed that type 2 diabetes mellitus, CRP was predicted by an adjusted model with age (OR = 3.6; CI 95%: 1.5 -8.2, P = 0.02). The OR of diabetes (model-2), after adjusting with age, systolic blood pressure (SBP), triglycerides, HDL-C was (OR = 2.5; CI 95%: 1.08 -6.15, P = 0.03). In model 3, after adjusting for age, SBP, triglycerides, HDL-C, HOMA-IR, the OR significantly decreased to 0.8 (CI 95%: 0.2 -2.8, P = 0.7) (16) .
Studies on the relation of CRP and CVD are inadequate to white populations of North America and Europe indicating the need for data on the clinical worth of CRP amount must be confirmed in populations of different ethnic groups and ages. For this purpose, a nested casecontrol study was conducted on participants of TLGS (126 cases with CVD, 259 control, > 35 years). The cumulative incidence of cardiovascular disease was 1.96% in the studied population and the risk profile of cardiovascular dis- To examine whether CRP increases the predictive value of previous models based on the risk factors of a typical CVD or FRS, the area under the ROC curve (AUC) was calculated and compared for the probability of different logistic regression models with and without the inclusion of CRP. Since, the AUC of a model is its ability to correctly identify cases with and without CVD, it was shown that addition amount of CRP to a model containing conventional CVD risk factors, which in a clinical work, could be easily documented with medical history, physical activity and lipid profile measurement hardly changes the AUC (∆AUC = 0.006, P = 0.2). The introduction of CRP into another model based on FRS did not significantly change the AUC of the model (∆AUC = 0.013, P = 0.2). Results indicated that a model based on common risk factors had a better mixture of sensitivity (44%), specificity (92.8%), PPV (76.5%), and NPV (75.6%) than the same model after inclusion of CRP 41.8, 92, 74.2 and 74.3%. In the FRS-included model, adding CRP level slightly improved specificity and PPV, but reduced sensitivity and NPV.
Interluekin-6
IL-6 is a cytokine that have an important role in acute phase reactions, hematopoiesis, bone metabolism, inflammation, energy homeostasis regulation, cancer progression, activity of lipoprotein lipase inhibition, and appetite control/energy absorption at the hypothalamic level. IL-6 is independently associated with cardiovascular risk factors such as hypertension, BMI, and reduction of HDL-C (17, 18) . In smokers, the risk of cardiovascular disease is higher. Smoking appears to increase IL-6 production which stimulates CRP production. Trials, including European Concerted Action on Thrombosis and Disabilities study (ECAT), have described an increase in CRP levels in smokers. The Multiple Risk Factor Interventional Trial (MRIFT) study in middle-aged men without CVD indicated that CRP elevation was associated with an increase in CVD mortality (19) . In a well matched case control studies (37 MetS and 37 matched controls) by Hosseinzadeh-Attar et al. on a subsample of TLGS project, association of anthropometric, biochemical profiles, and IL-6 with Visfatin were studied. A significantly correlations between IL-6 with BMI, WC, and WHR were found, and no significant association between IL-6 and Visfatin serum level (11) . Zarkesh et al. in a subsample of the TLGS, in a cross-sectional study, 365 individuals (160 MetS and 205 matched controls, 46.1 ± 16.1 years), found that levels of IL-6 in MetS subjects was higher, and a significant and gradual increase in the level of IL-6 in association with increasing numbers of components in the MetS group. A strong linear augmentation was observed in the IL-6 levels as the numbers of MetS components increased. In addition, good predictors for the level of IL-6 in the MetS subjects were hip, WHtR and height (12) . A higher level of IL-6 in the abdominally obese group were reported by Faam et al. in an association study between inflammatory factors and obesity in TLGS, in the cross sectional study (132 Men and 222 women) (14).
Homocysteine
Hcy is a thiol-containing intermediate metabolite; which in population studies over the past two decades provide evidences on, to direct and independent linkage of that in plasma with the morbidity and mortality from atherosclerosis. Possible mechanisms that link Hcy to atherogenesis include prothrombotic and proinflammatory effects, increased oxidative stress, endothelial dysfunction and smooth muscle cell proliferation. With clinical observations after the initial studies, this factor was included in the list of cardiovascular risk factors (20) . Since obesity is considered as a low-grade inflammatory disease, in a cross sectional study, Faam et al. examined the association between Hcy (an inflammatory marker) with obesity-related factors such as BMI, waist, hip in 352 adult TLGS participants (220 women and 132 men, aged ≥ 19) randomly enrolled from the population. Linear regression analysis was applied to examine the association between Hcy, anthropometric and biochemical factors. Abdominal obesity was observed in 199 (56.5%) individuals and the level of Hcy was higher in the abdominally obese, the wrist was predictor for Hcy in obese and hip and WHtR were the best predictors for Hcy in the normal group (14) . In a similar cross-sectional study, Zarkesh et al. on MetS subjects with a matched control group in a subsample of the TLGS (160 MetS and 206 controls), aged > 19 years (mean of 46.1 ± 16.1 years), the levels of Hcy was higher in subjects with MetS. The best predictor for Hcy level in subjects with MetS was WHtR (12).
Summary findings of Biochemical factors in TLGS
Previous studies in non-Iranian populations showed that the prevalence of obesity and its co-morbidities is increasing. To evaluate the level of inflammatory markers in subjects with and without abdominal obesity in Iranians, a cross-sectional study was designed on the basis of the TLGS. Of the 352 participants with an average age of 46.1 ± 16.1 years, 199 (56.5%) had abdominal obesity; in this group compared to those without abdominal study, mean of variables of obesity, lipid patterns and inflammatory factors, other than FBS and Hcy were higher. Based on Pearson correlation coefficient, there was a significant correlation between Hcy and height and wrist circumference in the group with abdominal obesity. The positive relationship of hs-CRP with BMI, waist circumference, hip circumference, WHtR, FBS and IL-6 and its negative correlation with height and wrist circumference were statistically significant. A positive correlation was shown between serum levels of IL-6 and WHtR and hs-CRP and a negative correlation was observed with height. In the normal group, a positive correlation was indicated between serum hs-CRP levels and age, BMI, WC, hip circumference, WHR, WHtR, SBP and DBP. Hcy and hs-CRP levels were negatively associated with hip circumference and height, respectively. Using the linear regression analysis, the most suitable predictive indexes for Hcy, hs-CRP, and IL-6 in the subjects with abdominal obesity, were wrist, WC and WHtR, respectively, while in the normal group, hip circumference and WHtR were the most appropriate predictors for Hcy and hs-CRP. In the normal group, since there was no correlated variable with IL-6, the predictive index could not be ascertained. Investigation of each inflammatory factors in the three groups of normal, abdominal or general obesity, and abdominal and general obesity groups revealed an increasing trend for hs-CRP and IL-6; hence after adjustment for age and sex in the linear regression analysis, an increase about 0.37 ng/mL (CI 95%: 0.24 -0.48, P = 2.2 × 10 -10 ) in the hs-CRP levels and 0.21 pg/mL (CI 95%: 0.10 -0.33, P = 16 × 10 -5 ) in the IL-6 levels was observed in the normal weight group compared to subjects with both general and abdominal obesity (Table 1) . Comparison of hs-CRP, IL-6, and Hcy of phase 1 and 3 of TLGS in case and control groups was shown in Figure 1. 
Discussion
In this study, association between abdominal obesity and inflammatory factors, it was found that the hs-CRP and IL-6 serum levels in patients with abdominal obesity were higher than in normal subjects. The most appropriate prognostic indexes for hs-CRP, IL-6, and Hcy were abdominal obesity, WC, WHtR, and wrist circumference, respectively. Previous studies have shown a direct relationship between obesity and serum levels of inflammatory factors. For example, a study by Stelzer et al. (21) indicated a positive correlation between IL-6 and the degree of overweight and obesity and suggested leptin and WHR to the best predictors of IL-6. Probably because the fact that abdominal fat tissue is one of the main sources of production of TNF-α and IL-6 cytokines, which, by stimulating the liver, increase the production of hs-CRP. The findings of a study on the association between hs-CRP and METS components showed that WC is the most appropriate indicator for predicting hs-CRP in the population under study. Other study by Vaya et al. (22) on Spanish adults showed that increased levels of Hcy were associated with abdominal obesity and insulin resistance. Contrary to these results, in the TLGSrelated study, Hcy serum level was not correlated with an increase in obesity; an alteration which could be explained by variations in the ratio of adipose/muscle tissue in obese subjects and changes in the amount of oxidation of cells. However, this study emphasized that obesity, especially abdominal obesity, is a low-grade inflammatory disease.
In TLGS-dependent study, in subjects with and without MetS, inflammatory factors were compared in subjects with MetS and normal (after adjustment for age and sex) and a significant increase in the levels of hs-CRP, Hcy, and IL-6 was observed in subjects with MetS. It was also found that risk markers increased significantly in association with increasing numbers of MetS components. Multiple linear regression analysis showed that hip circumference and WHtR are the main independent variables in relation to the level of hs-CRP and IL-6 in subjects with MetS, respectively; a positive relationship between inflammatory factors of hs-CRP, IL-6, and WHtR and a negative association between Hcy and WHtR among the subjects with MetS was also found. WHtR is significantly correlated with all risk factors for obesity and MetS, and in longitudinal studies often acts better than BMI in predicting mortality and morbidity. In addition, WHtR can be more sensitive than WC due to adjustments for different statures and a negative correlation between height and certain metabolic risk factors in different populations. The Yusuf et al (23) in a case-control study conducted with < 300,000 participants, emphasized the importance of the WHtR parameter over BMI and WC for predicting MetS. The association between hip circumference and MetS can be explained by considering the effect of waist circumference. The risk of MetS attributed to the waist circumference might be underestimated, regardless of the effect of the hip circumference. WHtR and hips have already been shown to have an independent and opposite effects on metabolic risk factors. While WHtR has a positive correlation with health risk factors, the hip circumference is negatively correlated, which refers to the supportive effect of the hip circumcision, that is probably the result of a higher amount of lean mass in non-abdominal regions. Hence, for a given WHtR, the higher hip circumference does not indicate a health risk. Using these findings, one can find a way to use WHtR and hip circumference to predict metabolic disturbances. The components of MetS are individual and groups of risk factors for morbidity and mortality. People with MetS are twice as likely to die from cardiovascular disease and three times more likely to have a heart attack or stroke. The intraabdominal fat plays a major role in cardiometabolic risks. Visceral fat is a metabolically active tissue that produces prothrombotic and pro-inflammatory cytokines. Furthermore, in the Jackson Heart Study, fatty liver and abdominal visceral adipose tissues were independent links of cardiometabolic risks (24) .
In investigating the relationship between CRP and CVD, the effect of common CVD risk factors in various models with and without CRP in predicting the incidence of CVD, over a three year follow-up presented that CRP levels predict the incidence of CVD in middle aged Iranians, but not independently from the risk factors of traditional CVD commonly used in clinical settings. In other words, CRP measurements in middle-aged Iranian populations will not improve cardiovascular risk prediction (25 ative risk for CRP, except in the study of Rotterdam's elderly population, where high CRP levels were not associated with an increased risk of cardiovascular disease; on the other hand, a moderate but significant correlation was observed between CRP levels and common risk factors of CVD which has also been observed in other studies. Hence, univariate dependence between CRP and CVD can be clarified by the correlation between CRP and other risk factors; CRP significantly contributed to the increased risk of CVD, only regarding status of smoking. This finding is similar to the recent American Heart Association's declaration that measurement of inflammatory factors may help recognize people who most likely benefit from changing their lifestyle. Like most other studies, adding CRP to AUC did not improve Framingham's risk function. These findings confirmed the results of the Rotterdam study that was conducted in an elderly population.
The results of the study on the role of CRP in predicting type 2 diabetes in a TLGS-dependent study showed that increased the levels of CRP was associated with an increased risk of increasing T2D, although this is independent of other diabetes risk factors such as FBS, familial history of diabetes, BMI, and HOMA-IR, so that the OR of having diabetes after adjustment for age of the highest tertile was 3.6 (CI 95%: 1.5 -8.2, P = 0.001), after adjustment for FBS, familial history of diabetes, BMI, and HOMA-IR, this OR was significantly reduced (OR = 0.8; CI 95%: 0.2 -2.8, P = 0.8). However, given that CRP had a strong association with BMI, FBS and HOMA-IR, the effect of CRP on prediction of diabetes after adjustment with these variables was not significant. In a study, Festa et al. (27) entitled "insulin resistance atherosclerosis study"; it was found that CRP was not significantly correlated with diabetes after adjusting for BMI and WC. In the MONICA cohort study, to investigate the association between CRP and incident diabetes mellitus among middle-aged men, the OR for diabetes after adjustment for age and survey, associated with the highest CRP quartile was 7.2 times higher than the lowest quartile, which was not statistically significant after adjustment for BMI, cigarette smoking, and SBP (28) . There are also studies that reported a strong and independent relationship between CRP and type 2 diabetes, such as a case-control study of Hu et al. (29) in a large population (737 diabetics and 785 control subjects). In the women's health studies with 188 diabetics and 362 controls, by Pradhan et al. (30) CRP was introduced as a predictor of diabetes in women.
